ABSTRACT
Introduction
The relationship between school quality and student achievement has been debated for decades. 1 In his survey of the evidence, Hanushek (1986) finds little or no relationship between school quality and student achievement on standardized tests. On the other hand, several studies have found a significant relationship between school quality and subsequent wages (Welch 1966; Morgan and Sirageldin 1968; Johnson and Stafford 1973; Wachtel 1976; Rizzuto and Wachtel 1980; Card and Krueger 1992) . This discrepancy is not simply a consequence of different outcome measures, since still other studies have found no significant relationship between school inputs and earnings (Ribich and Murphy, 1975; Akin and Garfinkel, 1977; Betts, 1995) .
Although the school quality debate has re-surfaced several times, attention has generally focused on the relationship between school inputs and average wages. For example, linking 1980 earnings in the U.S. census to average state of birth school quality measures for three cohorts born between 1920 and 1949 , Card and Krueger (1992 find that school inputs, such as pupilteacher ratios, relative teacher wages, and school term duration, are related to subsequent earnings. In contrast, Betts (1995) finds no statistically significant relationship between mean wages and similar school quality measures using National Longitudinal of Youth (NLSY) data.
It is possible, however, for school inputs and wages to be related at some points in the conditional wage distribution even if there is no statistically significant relationship on average.
School inputs and student outcomes may therefore be significantly related even if school inputs and average outcomes are not. Brown and Saks (1979) argue that a school input is productive if it affects any student. Characterizing the distribution of student outcomes by its mean and 3 variance, an input is productive if it affects either moment. Regressing the mean and standard deviation of standardized test scores on school inputs, they find that the standard deviation is significantly related to school inputs, but mean test scores are not. In a similar vein, Eide and Showalter (1998) find that school inputs affect test score gains at some points in the conditional test score distribution without impacting the mean.
Departing from the Card and Krueger (1992) framework, I explore the relationship between school inputs and the entire distribution of wages. Using quantile regressions and linking 1981, 1986, and 1991 Canadian Census data to provincial school quality data from 1932 to 1970, this paper presents an extensive analysis of the relationship between school inputs -measured by class size (pupil-teacher ratio), school size (teacher-school ratio), and relative teacher pay -and , and 90 th quantiles of the conditional wage distribution. I show that the significance and direction of these relationships vary across points in the conditional wage distribution. More specifically, the returns to any given input tend to be of opposite sign at opposing ends of the distribution. Given the structure of the returns to school inputs across quantiles, it is not surprising that many studies have been unable to find a statistically significant relationship between school inputs and average wages.
Estimation
All regressions are of a standard Mincerian/education production function form.
Observable characteristics, Z, include a quadratic function of experience and sets of dummy 4 variables for birth cohorts, province of birth, and census years. School quantity, S, is a three component vector measuring years of public school, university, and post-secondary technical training. Due to data restrictions, public school quantity is further divided into three variables: dummies for less than five years (G4) and between five and eight years (G58) of schooling, as well as actual years for those with more than eight years of public education (ED). School inputs 2 (or quality), Q, includes the pupil-teacher ratio, teacher-school ratio, and relative teacher wage. Class size and teacher pay enter all regressions directly. School size is divided into three groups: small, medium, and large (less than 4, between 4 and 8, and 8 or more instructors). The two latter dummy variables are included in all regressions.
This specification allows school inputs to affect the return to schooling (the slope of the earnings function) and the intercept. This formulation is similar to that of Betts (1995) and differs from both Card and Krueger (1992) and Johnson and Stafford (1973) . Card and Krueger focus on the impact that inputs have on the slope of the earnings function and Johnson and Stafford focus on the intercept.
The quantile regression technique allows us to estimate the relationship between school inputs and earnings at various points in the conditional wage distribution. Following Koenker and weighted sum of the absolute value of errors, where the weights assigned to positive and negative errors determine the quantile.
Data
All wage and educational attainment data are from the 1981, 1986, and (4) where p denotes public school, k = pupil-teacher ratio, teacher-school ratio, or relative teacher pay, and i = year of school entry (school years are numbered using the June year). 
School Quality Measures from 1932-70
While there was a general trend towards smaller classes in all provinces over the period of interest, the speed and pattern of changes varied substantially across provinces ( Figure 1 graphs the school quality measures by province from 1932-70). For example, the time path of the Ontario pupil-teacher ratio has three distinct phases: declining size from 1932 to 1941, relative 6 Public school enrollment is assumed to be continuous from the point of entry. 7 All school input data are averaged across provincially regulated elementary and secondary schools. Provincially regulated institutions may be fully or partially supported by public funds. For example, during the period of interest all Quebec schools were partially supported by religious denominations, but were provincially regulated. 7 stability with between 28 to 31 students per instructor until the early 1960s, and then rapid decline to 21.8 students per teacher by 1970. In contrast, the relatively small Quebec classes, at an average size of 27.3 in 1932, declined slowly, but continuously, to 22.9 in 1960.
The importance of disentangling school and class size is most apparent for Alberta.
Enrollment declines during the Great Depression led to smaller classes, but had no effect on the teacher-school ratio. In contrast, the larger schools created by urban school expansion and rural school amalgamation between 1945 and 1949 were accompanied by larger classes. Finally, by the early 1950s the average class began to shrink while the growth of urban schools and the consolidation of small rural schools into larger regional institutions continued at a rapid pace. It is during this era that school growth was accompanied by dramatic classroom composition changes.
Multi-grade classes became less common, course selection diversified, and the availability of special services (learning assistance for example) increased. While the pace of school size expansion was not as rapid in other provinces, schools in all provinces grew from 2 or 3 teachers per school in the 1930/40s to 13-19 teachers per school by 1970.
The five provinces included in this study are economically diverse and geographically vast; significant inter-provincial cost of living, wage, and occupational opportunity differences have always existed. For these reasons, it is unlikely that teacher salaries are an adequate index of instructor quality. I therefore use the average annual teacher salary in each province relative to the average annual electrician's salary in the province's largest city.
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There are three noteworthy salary trends. First, relative teacher salaries were substantially higher in British Columbia than in other provinces until the 1960s, by which time British
Fully private schools are excluded. 8 The average wage of electricians is not available for Calgary or Edmonton, the Winnipeg average is used instead. Electrician salaries were chosen because they are available throughout the period.
Columbia, Alberta and Ontario teacher salaries had converged. Secondly, Manitoba teachers were the only Canadian instructors who did not experience a wage decline during World War Two. In every other province the relative wage earned by teachers fell during the early 1940s and then rose as the war drew to a close. Thirdly, Quebec schools were religiously affiliated, mostly Catholic 9 , and largely staffed by Nuns and religious brothers 10 throughout the period of interest.
As the remuneration received by religiously affiliated instructors was much lower than their layperson counterparts, the average salary of Quebec teachers was substantially lower than in other provinces. While class size and earnings are not statistically significantly related on average, they are significantly related, at conventional levels, for all quantiles except the 25 th . The pupil-teacher ratio has the most economically significant impact on earnings at more extreme levels of public school completion and points in the wage distribution. High school drop-outs at high quantiles benefit the most from smaller classes while drop-outs at low quantiles benefit from larger classes.
Results
For example, a decrease in the pupil-teacher ratio of 10 students is associated with an 18% wage decrease for individuals with 10 years of education at the 10 th quantile and a 5% wage increase for 9 individuals with 10 years of education at the 90 th quantile. While smaller classes might benefit more able students because teachers have time to develop specialized enrichment programs, run multiple reading groups, and so forth, it is possible that less able students may benefit from larger classes. Levin (1993) argues that "disadvantaged" students benefit from high instructor expectations, deadlines, and interaction with "advantaged" pupils. Larger classes may encourage this type of environment because teachers are forced to rely more heavily on group work and student mentoring.
In contrast to class size, the relationship between school size and subsequent earnings tends to be strongest at more central points in the wage distribution. The large school indicator and its interaction with public school variables are jointly significant, with probability values of 0.06, 0.00, 0.02, 0.01, and 0.07 at the 10 th quantile, 25 th quantile, median, mean, and 75 th quantile respectively. Large schools have a negative impact on individuals who drop-out before the ninth grade, a positive impact on high school drop-outs and a negative impact on graduates. It is also interesting to note that the relationship between school size and earnings does not vary across points in the conditional wage distribution to the same degree as class size and teacher salaries.
In order for the average school size to rise above eight teachers per school, high schools must have a relatively large number of classes at each grade level. 12 The introduction of vocational and other non-academic courses that coincided with secondary school growth, was beneficial for less academically oriented high school drop-outs. The positive return to school growth enjoyed by this group may be a function of more relevant course material. However, the 11 All results are similar when Quebec is excluded. 12 This is true for two reasons. First, high schools typically include only a small number of grades. Schools containing grades eight through twelve, nine through thirteen, and eight through ten, are just a few examples of Canadian high school configurations. Secondly, while elementary schools with more than two classes per grade existed during the period of interest, schools with no more than one were predominant in many regions.
introduction of non-academic programs may actually divert resources away from academically oriented high school students.
The correlation between teacher salaries and subsequent wages is most precisely measured at more extreme quantiles; the joint probability values for relative teacher salary and its interaction with public school are 0.00, 0.06, 0. Tables 3 and 4 expand the set of explanatory variables to include urban/rural residence, marital status, occupation, 13 and post-secondary field of study 14 dummy variables to ensure that their inclusion does not substantially alter the estimated impact of school quality measures. Table   3 reports the results for the model expanded to include urban/rural residence, marital status, and occupation. While there are some differences between Tables 2 and 3, most notably that the large school variables are no longer jointly significant at the 75 th quantile and neither the class size nor teacher salary variables are jointly significant at the 25 th quantile, the general patterns are very similar. Table 4 further expands the set of explanatory variables to include post-secondary major 13 The occupations are based on the 1980 Canadian occupation categories: management; engineering, mathematics, sciences, and medicine; social sciences, teaching, art, literature, and recreation; clerical; sales; services; processing; machining, fabricating, assembling, and repairing; construction; transportation and equipment operating; and other. 14 Major field of study is collapsed into three groups: education, fine arts, humanities, and social sciences; commerce and business administration; and sciences, engineering, health professions, and mathematics, for cell size reasons.
11 fields of study. Unfortunately, the major field of study is not reported in 1981, this restriction reduces the sample size to 45,500, and eliminates the first nine-year cohort from the analysis. The estimates reported in Table 4 differ from those in Table 2 in two important ways. First, the large school variables are no longer jointly significant at any quantile. Secondly, the teacher salary variables are jointly insignificant at the 75 th quantile. With these exceptions, the statistical significance and pattern of results are again similar.
To this point all regressions have treated educational attainment as exogenous. However, it is possible that school inputs affect earnings by influencing the length of time that people choose to remain in school, and possibly field of study, urban/rural residence, and occupation choices. To address this issue, at least in a very rough way, Table 5 presents some simple reduced form estimates of the effect that school inputs have on log earnings at various points in the conditional wage distribution. The reduced form model includes the three school input measures, province of birth effects, cohort dummies, census year dummies, age, and age squared. The estimated input effects therefore incorporate direct effects on educational attainment as well as indirect effects through school and post-secondary choices.
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While the results in Table 5 differ somewhat from those presented in Tables 2 through 4, there remain unique patterns across quantiles. The only statistically significant relationship between teacher salaries and wages occurs at the 50 th quantile. At the median, higher teacher salaries have a positive impact on future wages. The coefficient on the large school variable is significant, and negative, at the mean, the 75 th quantile, and the 90 th quantile. Finally, class size has a statistically significant positive impact on wages at the mean, median, and 75 th quantiles.
Notice that no educational quality measure is statistically significant at the 10 th or 25 th quantile.
Conclusion
Comparing the least squares and quantile regression estimates highlights the importance of considering the entire distribution of wages when examining the return to school inputs. Class size and teacher salaries are most strongly related to earnings at more extreme quantiles and levels of educational attainment, while the relationship between school size and earnings is stronger at more central points of the conditional wage distribution. Further, the returns to class size and teacher pay at higher quantiles tend to offset those at lower quantiles. The mirror image nature of the returns to class size and teacher salaries across quantiles may help explain the inability of many previous studies to find a significant relationship between these characteristics and average wages.
The results presented in this paper add to the current debate about the effectiveness of school inputs by documenting the differential impact of school resources across points in the conditional wage distribution. More specifically, the estimates suggest that additional spending to reduce class size or raise teacher salaries is generally beneficial for individuals at high quantiles and detrimental for individuals at low quantiles. In contrast, Eide and Showalter (1998) find that school enrollment and per-pupil expenditures have the biggest impact on test score gains at low quantiles, while a longer school year has the biggest return at high quantiles.
Welch (1966) suggests that the returns to school size are initially positive, but may become negative if schools become too large. In a similar vein, the results presented in this paper hint that an optimal school size concept may exist; while high school drop-outs benefit from large schools high school graduates do not. All regressions include a quadratic function of age, dummies for census year, nine year birth cohorts, and province of birth, and a constant. Standard errors are in parentheses and coefficients that are individually statistically significant at the 5% level are bold.
Schools with teacher-school ratios of 4-8 are designated medium and large schools have teacher-school ratios of 8 or more. The sample size for all regressions is 73,337.
